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• Polar cap acceleration & Pairs

• Electric field screening – Limits on acceleration

• High-energy luminosity

• Geometry of g-ray and radio beams



Pulsar Acceleration and Pairs
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Polar Cap Acceleration 

• What’s new?

• GR inertial frame dragging
    Muslimov & Tsygan 1992

• Inverse Compton pairs
    Zhang et al 1997, Harding & Muslimov 1998

Acceleration limit?
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The Pair Formation Front 
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• Curvature Radiation

• Resonant ICS

• Non-resonant ICS
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Polar cap model:
Electric field screening & Polar cap

heating

Maximum fraction of returning positrons:
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Pair Source Function 

0 500 1000 1500

x (cm)

0.000

0.005

0.010

0.015

N p
ai

r 
/ p

rim
ar

y

0.0e0 5.0e3 1.0e4 1.5e4 2.0e4 2.5e4

x (cm)

0.0e0

5.0e-5

1.0e-4

1.5e-4

N p
ai

r 
/ p

rim
ar

y

Your text

First generation

All generations

Curvature radiation

Inverse Compton radiation



0 100 200 300 400 500 600 700

x (cm)

0.000

0.002

0.004

0.006

0.008

0.010

r
/r G

J

EII

|Dr/rGJ|

r/rGJ

0

500

1000

1500

2000

eE
II /m

c
2

Screening E|| 

0 4000 8000 12000 16000

x (cm)

0.000

0.002

0.004

0.006

0.008

0.010

0.012

0.014

r
/r G

J

EII
Dr/rGJ

r/rGJ

0

20

40

60

80

eE
II /m

c
2

Curvature radiation

Inverse Compton radiation



Voltage at the Pair Formation Front
 and g-ray Luminosity
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• Curvature Radiation

• Resonant ICS

• Non-resonant ICS
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OFF-BEAM

Altitude of last
pairs

ON-BEAM

Synchrotron

Curvature

Geometry of PC g-ray beams
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Vela pulsar radio profile

(Johnston et al. 2001)



Radio profiles of EGRET pulsars



Unidentified EGRET sources in the Gould
Belt

• Distances 100-300 pc

• Luminosities:

• Possible origin: Accreting BHs?  X

                                    Accreting NSs?  X

                                    O or WR stars?  X

                                    Radio-quiet pulsars?
Maybe

Grenier 2000

L( )> ª ¥ -100 6 1030 1MeV erg s



Simulation of off-beam and on-beam
g-ray pulsars

(Perrot, Grenier & Harding 2002)



Summary

Polar cap models

What works ….

• Predicted luminosity

• High-energy spectral turnovers

• Off-pulse (off-beam) emission

Problems …

• Predicted (standard) size of g-ray beam

• Geometry of radio and g-ray beams
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